Pyogenic knee arthritis caused by group A β-hemolytic streptococcus (GAS) is rare. GAS sometimes causes group A β-hemolytic streptococcal toxic shock syndrome. We encountered a case of pyogenic knee arthritis caused by GAS that resolved after appropriate treatment (emergency arthroscopic synovectomy and medication) administered within 48 h of onset. In cases of a history of another infection with acute knee joint pain, the possibility of GAS-induced pyogenic knee arthritis should be considered, and proper treatment should be administered immediately.
INTRODUCTION
Group A β-hemolytic streptococci (GAS) are well known to cause bacterial pharyngitis and superficial skin infections such as erysipelas and cellulitis. Additionally, GAS is classically associated with the nonsuppurative complications of poststreptococcal glomerulonephritis and acute rheumatic fever [1] . GAS infects the human body via skin injury or varicella [2] . A clinical feature of GAS infections is abrupt onset [3] , and patients with this disease are admitted to the hospital with high-grade fever and marked leukocytosis [3, 4] .
GAS is also the causative bacterium in necrotizing fasciitis and group A β-hemolytic streptococcal toxic shock syndrome (STSS). STSS presents with fulminant shock and rash, is rapidly progressive with multiple organ dysfunction syndrome, and requires aggressive therapy with fluids, antibiotics, and source control [5] . In this study, we report the successful treatment of pyogenic knee arthritis caused by GAS.
CASE REPORT
The patient was a 70-year-old woman without prior knee pain. She had a 1-week history of symptoms of cold that were associated with pharyngeal pain, for which she did not seek treatment. She experienced acute left knee joint pain (disease day 1) that worsened the next day (disease day 2) and rendered her unable to walk. A local doctor performed a medical examination that day. Aspiration of the left knee was performed and the specimen was sent for bacterial culture.
Purulent knee arthritis was suspected, and the patient was immediately referred to our hospital. During the patient's first examination, her level of consciousness was clear. Her blood pressure was 162/98 mmHg, pulse rate was 85 beats/min, body temperature was 37.2˚C, and lung and heart sounds were normal. The patient complained of severe general malaise, and she appeared to be in agony from severe pain. Mild swelling, redness, and a burning sensation of the left knee were observed. However, there was no visible wound or history of intra-articular injection. The synovial fluid immediately extracted from the left knee joint was turbid and dark red in color; it was sent for bacterial culture to another institutional laboratory (SRL, Fukuoka, Japan). The synovial fluid was centrifuged at 3000 rpm/min for 10 min. The pellet was seeded on trypticase soy agar II with 5% sheep blood agar/chocolate II agar (Japanese Beckton Dickinson, Tokyo, Japan) and incubated (35℃, 5% CO 2 ). Next, streptococci were isolated on Strepto LA (Denka Seiken, Tokyo, Japan) using β-hemolytic colonies. It required several days to identify GAS.
The results of a blood test on admission revealed a marked inflammatory reaction with a leukocyte count of 19,760/μL (87.0% neutrophils), and a C-reactive protein (CRP) level of 14.59 mg/dL. Mild hepatic dysfunction (total bilirubin [T.B.], 1.4 mg/dL; aspartate aminotransferase [AST], 150 U/L; alanine aminotransferase [ALT], 142 U/L) and renal dysfunction (blood urea nitrogen [BUN], 18.0 mg/dL; creatinine, 1.1 mg/ dL) were also observed. There was no coagulation abnormality. Glycated hemoglobin level was also within the normal range.
Magnetic resonance imaging (MRI) was scheduled, but because of the severity of the patient's left knee pain, early-stage surgery was deemed necessary. Emergency arthroscopic synovectomy, cleansing, and drainage were performed soon after hospitalization (disease day 2) ( Fig. l) . Moderate redness and synovial proliferation were observed in the femoropatellar and femorotibial joints during arthroscopy. Cefazolin (4.0 g/day) was prescribed until the causative bacterium was identified. Results from blood tests performed on postoperative day (POD) 2 (disease day 4) showed a leukocyte count of 30,250/μL (91.0% neutrophils) and a CRP level of 43.40 mg/dL.
On POD 3 (disease day 5), GAS was identified as the causative bacterium from the synovial fluid culture both before admission and at this hospital. Cefazolin was replaced with ampicillin/cloxacillin (8 g/day) and clindamycin (1,800 mg/day) based on the results of the antibiotic susceptibility test ( Table 1 ). To confirm that there were no other infections outside the knee joint, a blood culture, echocardiography, and contrastenhanced computed tomography (CT) were performed. No abnormality was found. After continuous intravenous antibiotics and drainage, the inflammatory reactions and severe left knee pain gradually improved (Fig. 2) . On POD 14 (disease day 16), contrast-enhanced 32 Fig. 1 . Arthroscopic image. P=patella; MC=medial condyle; LC=lateral condyle; IF=intercondylar fossa Because inflammatory reactions were negative, the patient was discharged on POD 71 (disease day 73). No recurrent pain was noted at the 2-year followup visit, and the patient had no difficulty with daily life activities (e.g., walking independently).
DISCUSSION
Staphylococcus aureus is responsible for >60% of bacteriologically documented nongonococcal septic arthritis cases [6] , followed by streptococci in approximately 20-30% of cases [6, 7] . Dubost et al. reported that of 303 cases of septic arthritis, 55 (18%) were caused by streptococci and 166 (55%) by S. aureus [3] . They also reported 5 cases (1.7%) of GAS-induced pyogenic knee arthritis [3] .
The occurrence rate of STSS following GASinduced knee arthritis has not been well documented. Suankratay et al. retrospectively evaluated invasive GAS infections in 42 cases [8] : 13 cases (31%) of skin infections, 12 cases (29%) of soft tissue infections, 12 cases (29%) of primary bacteremia, and 12 cases of arthritis (14%). Invasive GAS infection is defined by the isolation of GAS from normally sterile body sites and includes bacteremia, necrotizing fasciitis, osteomyelitis, and septic arthritis [9] . Of these, 24 cases (57%) progressed to STSS and the eventual mortality rate was 33% (7 cases) [8] . In this study, we successfully prevented the progression of invasive GASinduced to STSS by performing urgent arthroscopic surgery within 48 h of onset of infection.
According to the Diagnostic Criteria for Streptococcal TSS (CDC 2010) [10] , the diagnosis of STSS is based on the presence of 3 criteria: isolation of GAS from a sterile site, hypotension (systolic blood pressure <90 mmHg in adults or less than the fifth percentile by age for children aged <16 years), and multiple organ involvement characterized by 2 or more of the following: renal impairment (creatinine level greater than or equal to twice the upper limit of normal for age), coagulopathy (platelet count < _100,000/mm 3 or disseminated intravascular coagulation), liver involvement (alanine aminotransferase [ALT], aspartate aminotransferase [AST], or total bilirubin [T.B.] levels greater than or equal to twice the upper limit of normal), acute respiratory distress syndrome, a generalized erythematous macular rash that may desquamate, and soft-tissue necrosis including necrotizing fasciitis or myositis, or gangrene [10] . The mortality rates in patients with STSS are reportedly as high as 30-70% [11] . In our study, the patient did not exhibit symptoms of shock, such as hypotension; therefore, STSS was ruled out. However, the presence of severe general malaise and mild liver and renal dysfunction suggest that the patient could have progressed to STSS on disease day 2 if treatment had been delayed.
GAS is susceptible to beta-lactams (penicillin G, amoxicillin, cephalosporins) [12] . Although standard antibiotic treatment has not been defined, antibiotics are generally administered intravenously until CRP levels normalize, followed by daily oral administration for an additional 6 weeks [12] . The prognosis is usually satisfactory unless early diagnosis and appropriate therapy are delayed [12] . Otherwise, delayed treatment results in serious sequelae [12] . In this report, a combination of ampicillin and cloxacillin (8 g/day), to which GAS is sensitive, and clindamycin (1,800 mg/day), which acts irrespective of inoculum size, is a potent suppressor of bacterial toxin synthesis, facilitates phagocytosis, and has a longer postantibiotic effect than beta-lactams [13, 14] , was chosen and administered for 3 weeks. After the inflammatory reactions subsided, the antibiotics were switched to oral amoxicillin (1,000 mg/day); this dosage was gradually reduced based on the patient's inflammatory status. At her 6-month follow-up visit, the patient had a well-controlled inflammatory reaction (leukocyte count, 4,/μL [46.8% neutrophils]; CRP, 0.16 mg/dL] without antibiotics. There are no established guidelines for the duration of antibiotic use; therefore, it remains to be clarified in future investigations.
In conclusion, we report on a successful surgery that was performed within 48 h of the onset of a rare case of GAS-induced pyogenic knee arthritis, and propose that this case did not become more serious because the articular capsule served as a barrier that retained the bacteria and exotoxins inside the joint. Consequently, only synovectomy, cleansing, and drainage were performed to protect the articular capsule. In cases with a history of a separate infection combined with acute knee joint pain and marked general malaise, the possibility of GAS-induced pyogenic knee arthritis should be considered, and treatment should be administered immediately.
